Critical periods are developmental time windows during which neuronal connections are shaped by experience. In this issue of Neuron, Davis et al. (2015) show that transplantation of embryonic inhibitory interneurons can reactivate critical period plasticity and reverse amblyopia in the visual cortex of adult mice.
Unlike hard-wired electronic circuits, neural circuits in the brain can already perform certain functions before they are fully assembled. The activity patterns that the developing neural circuits experience while performing such functions in turn shape the circuit connections in an experience-dependent manner. These experience-dependent processes give the brain the ability to adapt to various external environments and individual differences, allowing, for example, Chinese children growing up in the US to speak English as native speakers. Neural circuits are most sensitive to sensory manipulation-that is, the brain is most ''plastic''-during specific time windows in early life, and this plasticity then declines with age. These time windows are often referred to as ''critical periods'' because they are not only windows of opportunity, but also windows of vulnerability, as failing to receive appropriate experience during these periods leads to abnormal circuit formation that is difficult to repair later in life.
One of the best-studied examples of critical period plasticity is ocular dominance (OD) plasticity in the visual cortex, where cortical neurons lose their responsiveness to the deprived eye following monocular deprivation (MD) during a critical period in early postnatal development (Espinosa and Stryker, 2012) . Importantly, visual deprivation during the critical period causes permanent deficits in visual acuity and binocular vision (Hensch, 2005; Wang et al., 2010) , closely mimicking the condition of amblyopia in human (''lazy eye''). Given its obvious clinical relevance, a number of studies have tried and succeeded in reactivating critical period plasticity in adult animals in order to rescue the visual deficits caused by early deprivation (Espinosa and Stryker, 2012) . In one study, Derek Southwell and Sunil Gandhi, while working in the Alvarez-Buylla and Stryker labs, respectively, teamed up to test whether transplantation of inhibitory interneurons could induce new cortical plasticity (Southwell et al., 2010) , making use of the well-established role of local inhibitory circuits in controlling critical period timing (Hensch, 2005) .
They transplanted embryonic inhibitory cells from the medial ganglionic eminence (MGE), a major source of neocortical GABAergic interneurons, into the visual cortex of postnatal mice. The transplanted cells dispersed and connected with the host neurons, and MD-induced OD plasticity was indeed seen in the recipient mice after their endogenous critical period. Intriguingly, the new plasticity took place when the transplanted cells were 35 days old, corresponding to postnatal day 27 (P27, i.e., near the peak of the critical period) for the donor mice, regardless of the age of the recipients (Southwell et al., 2010) . As exciting as these results were, however, a major limitation of this study was that transplantation was done in very young, pre-criticalperiod recipients ( Figures 1A and 1B) , severely limiting its potential in clinical applications. In a study published in this issue of Neuron, Davis and colleagues in the Gandhi lab overcame this limitation by performing the vital, yet daunting, experiment of transplanting embryonic inhibitory neurons into adult mice (Davis et al., 2015) .
First, Davis et al. (2015) used intrinsic signal imaging to identify the binocular visual cortex in recipient mice and guided the transplantation to this area, imparting great specificity to the manipulation. Amazingly, the transplanted MGE interneurons migrated and distributed through all layers of the adult visual cortex, similar to that of endogenous GABAergic interneurons. The transplanted cells also assumed the proportions of the major classes of interneurons in the cerebral cortex, including those expressing the calcium-binding protein parvalbumin (PV) and those expressing somatostatin (SST). Furthermore, using the genetically encoded calcium indicator GCaMP6, the authors showed that the transplanted PV cells were broadly tuned for stimulus orientation, as is the case for their endogenous counterparts. In other words, the transplanted interneurons acquired appropriate locations, molecular markers, and visual response properties in the host visual cortex. Davis et al. (2015) then went on to test whether interneuron transplantation could induce new cortical plasticity by optical imaging of intrinsic signals. Indeed, 4 days of MD at a time when the transplanted cells were 35 days old induced a robust OD shift toward the non-deprived eye in the recipient mice that were well past the end of the critical period ( Figure 1C ). The induced OD shift was almost entirely mediated by the loss of cortical responses to the deprived eye, characteristic of OD plasticity in juvenile mice. Importantly, no OD plasticity could be induced at 70 days after transplantation. In other words, the newly induced plasticity occurs when the transplanted interneurons reach a cellular age similar to that of endogenous interneurons during the normal critical period. This finding thus suggests that there may be a cell-intrinsic mechanism driving the maturation of interneurons and, in turn, the induction of critical period plasticity. Consistent with this idea, a very recent study by the Hensch lab showed that PV circuit maturation and critical period plasticity are delayed in mice in which circadian clock genes are knocked out from PV cells (Kobayashi et al., 2015) .
Having succeeded in transplanting embryonic inhibitory neurons into adult mice, Davis et al. (2015) next determined whether the newly induced plasticity could repair the deficits caused by visual deprivation that occurred during development. To do this, they monocularly deprived mice for 2 weeks covering the critical period and then let them grow up with binocular vision. As expected, these mice displayed reduced acuity through the deprived eye, i.e., they were amblyopic. The authors then transplanted MGE neurons into their visual cortex. Excitingly, the deprived eye's acuity, as measured by intrinsic imaging of cortical responses, recovered completely to the normal level after, but not before, the transplantation-induced period of plasticity ( Figure 1D ). Importantly, this recovery was manifested at the behavioral level. On a visual discrimination task in which mice learned to associate a hidden platform with visual stimuli, the transplant recipients performed the task through the previously deprived eye with the same acuity as normally sighted animals and much better than the impaired, untreated controls.
Together, these results demonstrate convincingly that transplantation of embryonic inhibitory interneurons induces a new period of cortical plasticity in adult mice, which can rescue the deficits caused by visual deprivation during the endogenous critical period. These exciting findings thus raise the important question of ''how'': how do the transplanted inhibitory neurons induce a new critical period and, importantly, at a precisely timed window?
A number of studies had induced new plasticity in adult visual cortex using various approaches, which largely fall into two overlapping categories. One category involves the removal of molecular and structural ''brakes'' that are upregulated after the critical period to limit neuronal growth and synaptic plasticity. For example, chondroitin sulfate proteoglycans (CSPG) are components of the extracellular matrix that limit axonal sprouting. CSPGs condense around cortical PV neurons in the form of perineuronal nets (PNNs) at the end of the critical period, and degradation of CSPGs in adult visual cortex restores OD plasticity and reverses amblyopia (Pizzorusso et al., 2002; Pizzorusso et al., 2006) . On the other hand, a few studies induced new plasticity by directly or indirectly reducing cortical inhibition, consistent with the notion that the closure of the critical period is caused by a developmental increase of intracortical inhibition (Espinosa and Stryker, 2012). Interestingly, changing the animal's rearing conditions is able to induce new plasticity in adult visual cortex and promote recovery from amblyopia, and this includes two seemingly opposite manipulations: environmental enrichment and dark exposure. Both manipulations were shown to reduce intracortical inhibition and PNN density He et al., 2006 He et al., , 2007 Sale et al., 2007; Stodieck et al., 2014) , suggesting that they may work through similar mechanisms to reopen critical period plasticity.
An important clue of how reducing inhibition promotes OD plasticity came from a recent study by Kuhlman and colleagues (Kuhlman et al., 2013) . They found that in response to MD, cortical layer 2/3 PV neurons rapidly, but transiently, reduced their visually evoked responses due to a decrease in their excitatory drive. This reduction of PV neurons' responses was only seen in juveniles during the critical period, but not in older mice, and a pharmacogenetic manipulation to suppress PV cells' firing rates was able to extend the time window for OD plasticity. In other words, the PV-mediated disinhibitory effect in response to MD may serve as a ''gate'' to allow OD plasticity to take place in the visual cortex.
Upon first glance, the fact that inhibitory neuron transplantation can induce new plasticity may appear contradictory to previous studies that reduced intracortical inhibition. However, although new GABAergic interneurons were introduced into the visual cortex, the level of inhibition was not necessarily elevated. Southwell et al. (2010) showed that the transplanted interneurons made and received numerous, but weak, synapses with host excitatory neurons. Unfortunately, whether these new connections altered Davis et al. (2015) , interneurons were transplanted to host mice between P54 and P159, and new OD plasticity was seen 35 days after transplantation. (D) 2 weeks of MD (from P19 to P32) was performed to cause amblyopia in host mice, and interneuron transplantation was done between P54 and P69. Visual acuity through the deprived eye recovered to the normal level 2 months later, as measured by both intrinsic imaging and a behavioral test.
those made by the endogenous interneurons was not studied. As a result, the overall inhibition level and its connectivity patterns in the transplanted cortex, especially for the adult recipient mice in the current study, remain unknown. Another interesting puzzle is that although only PV cells have been implicated in critical period plasticity, transplantation of either PV or SST cells alone can induce new plasticity in young adult mice (Tang et al., 2014) . Importantly, inhibitory interneuron transplantation provides an elegant experimental paradigm for addressing these questions and for investigating the circuit and molecular mechanisms underlying critical period plasticity in general. For example, the transplanted neurons can be conveniently marked by fluorescent proteins and differentiated from their endogenous counterparts, as seen in Davis et al. (2015) . One can thus map their patterns of synaptic connectivity in the host cortex in vitro and compare them with those made by endogenous interneurons during the critical period and in age-matched adult controls. Similarly, the visual responses of the transplanted interneurons can be studied in vivo to determine whether they show a rapid reduction in firing rates after MD similar to that of endogenous PV cells during the critical period (Kuhlman et al., 2013) . On the other hand, one can perform gene profiling experiments of the transplanted interneurons to determine whether they could counteract with the known molecular brakes of critical period plasticity and potentially identify new players. Such experiments could provide important insights on the cell-intrinsic mechanism that might determine the timing of the critical period. Along this line, it would be important to study how such an intrinsic mechanism, if it indeed exists, interacts with visual experience, given that the critical period is advanced by environmental enrichment and delayed by longterm dark rearing (Espinosa and Stryker, 2012) . As the transplanted interneurons can be independently manipulated in their activity level and gene expression, such experiments will facilitate the test of whether and how neuronal activity and certain candidate molecules are involved in this process.
In summary, the new study by Davis et al. (2015) reveals an exciting approach to reopen critical period plasticity in the fully matured cortex, thus establishing interneuron transplantation as a potential method for repairing brain disorders. At the same time, these studies raise a series of questions regarding cortical plasticity and, importantly, also provide a new experimental paradigm for addressing them in future research.
